normal formation pressures were encountered throughout the interval. At 6,344' the well started to flow on connections, ..., the mud weight was brought up to 11.2 ppg from 10.4 ppg to control the well. The mud weight was gradually brought up to 12.5 ppg while drilling to 7,048' where the mud was gas cut to 12.0 ppg. The mud was brought up to 14.5 ppg and drilling continued. The mud weight was increased with depth to 16.3 ppg at 8,303', the planned casing depth.
The 9-5/8" casing was run to 8,297' and cemented. ... The shoe was drilled out to 8,314' and the formation tested to a 0.962 psi/ft. equivalent gradient with no leakoff. ... Increased mud weight to 16.8 ppg and drilled to 8,412'. Ran drill-stem test 1 with no water cushion. Opened tool with fair blow increasing to strong blow; mud to surface in 56 minutes; water to surface in 65 minutes. Well flowed water at rate of 2,057 barrels per day, with 6,800 ppm chlorides. Flowed for three hours, with initial flow pressure of 2,948 psi and final flowing pressure of 3,848 psi. Shut-in for six hours with a final shut-in pressure of 7,132 psi.
Resumed drilling 8-1/2" hole to 8,573', with 16.8 ppg mud weight. At 8,573', gas-cut mud was encountered, and ... mud weight was increased to 18.0 ppg to control the well.
Note: From this depth to 10,123' circulation was lost several times and the well was squeeze-cemented prior to running a 7-5/8" liner, after which the well was drilled to TD using mud weights of approximately 15.6 ppg. DST 1. 12, 132, 12, 168 ft. 6 hr 4 min test. Flowed gas at rates from faint to 400 MCFPD. Backscuttled 47 barrels of muddy water. DST 4. 8, 960, 8, 015, 9, 115, 9, 410 ft. 6 hr 12 min test. Gas to surface in 11 min. Flowed at 1300 MCFPD rate through 20/64" choke. Backscuttled out 1 barrel water cushion. DST 5. 7, 190 ft. 7 hr 57 min test. Gas to surface in 5 min. Flowed at 3500 MCFPD rate on 3/8" choke, 2700 MCFPD on 7/16" choke and 3800 MCFPD on 54/64" choke. Backscuttled out 1 barrel water cushion. DST 6. 7, 090, 7, 120, 7, 230 ft. 13 hr 42 min test. Gas to surface in 16 min. Flowed gas at rate of 1800 MCFPD on 11/64" choke, 3000 MCFPD on 28/64" choke, and 2660 MCFPD on 36/64" choke. Backscuttled out 2 barrels of muddy water.
East Kurupa Well

Seabee well
Drillstem test 4, 2,652-2,664 ft test interval Initial flow period: Immediate strong blow, continued throughout; gas to surface too small to measure in 9 min; max 50 psi at Halliburton manifold on rig floor. Final flow period: Tool opened with 100 psi, decreased gradually to 3 psi at 105 min; increased to 12 psi, then decreased to 5 psi for remainder of test at 180 min; no fluid to surface. Drillstem test 3, 5,366-5,394 ft test interval Gas to surface in 4 minutes. Ran five flow tests with choke sizes ranging from 6/64 to 17/64 inches, measuring flow rates ranging from 0.5 to 6.2 mmcfd, with surface flowing pressures ranging from 2100 to 2850 psi. Shut-in times ranged from 5 to 16 hours, with pressure measured on four downhole gauges at 5,323-5,379 ft. Average shut-in pressure for all gauges and all shut-in periods was 3617 psi. Pressure-depth ratio is equal to 0.67 psi/ft.
Tunalik well
Drilling halted for 65 days at 12,557 ft as mud losses alternated with gas in mud returns at surface. Mud weight varied from 15.1 to 16.0 ppg. At one point, after six hours circulation, had 16 ppg in and 14.7 ppg out with 1,900 units of gas. Finally were able to drill ahead after casing and cementing. Similar problems were encountered at 14,664 ft; mud weight was increased to 18.2 ppg at 14,726 ft. Drilling halted for 27 days at 14,726 ft until a liner was installed. Drilled ahead to 16,107 ft with 18 ppg mud, then drilled to TD at 20,355 ft with reduced mud weights.
Kugrua well
The Kingak Shale is geopressured throught the interval from 7650 ft to 8610 ft, and the inherent drilling problems associated with overpressuring occurred. Pore pressure did not reach the postulated 15.4 ppg derived from seismic interpretation, but it would have been impossible to have increased the mud weight beyond the 12.1 ppg which was used because of lost-circulation problems previously encountered.
A thick, somewhat porous sandstone unit occurs from 8713 ft to 8830 ft and was probably deposited as a barrier bar-beach complex formed during a southward progradation of the shoreline. Three thousand two hundred barrels of mud were lost in the top of this sandstone. Because of the overpressured conditions and attendant problems encountered in the overlying shale, the decision was made to set intermediate casing through this troublesome interval.
From 8897 ft and continuing to 9334 ft, deeper marine black shale deposits occur. This shale is overpressured at the top and is subject to sloughing.
At the top of Kingak, pore pressures increased slightly to 11.0 ppg and mud weight was raised to 11.3 ppg. After drilling and reaming, no problems were encountered in the interval. The Kingak Shale ... had increasing pore pressure from 11.0 ppg at 7304 ft to 11.3 ppg at 8712 ft. Severe sloughing shale problems were encountered throughout the interval.
Itkillik River Unit1
Opened tool for 2 hour test. Weak blow for 2 hours. 2 hour shut in. Recovered 120' of slight gas-cut rat-hole mud. FSIP 1485 psi.
Summary
Ample evidence exists for the presence of tight gas accumulations within Brookian and Beaufortian strata in the foothills of the Brooks Range. The evidence consists of numerous gas shows, stratigraphically dispersed source rocks, consolidated lowpermeability reservoirs, and indications of overpressure in well log signatures and pressure measurements. The basal condensed sections, which occur in both the Torok Formation and the Kingak Shale, commonly exhibit indications that pore fluids are overpressured, including low sonic velocity, low resistivity, and high mud weights.
Data from Brookian rocks show that average porosity is around 10 percent and permeability is commonly less than 0.1 millidarcy. Descriptions of samples from these same intervals indicate that sandstones are well consolidated and very fine to fine grained. Reservoirs are likely to consist of low-permeability sandstones.
Reductions in resistivity and increases in sonic transit time, both causing leftward deflections on the well logs, are evidence of overpressuring. These deflections occur over vertical intervals of thousands of feet in most of the wells penetrating the Kingak Shale and in a few penetrations of the Torok Formation. Examples are the 11,500-to 14,300-ft interval within the Kingak Shale in the Tunalik well and the 9,500-to 12,600-ft interval within the Torok Formation in the East Kurupa well.
In three wells (Tunalik, Seabee, and Lupine), the mud weights required to drill the Kingak Shale exceeded 16 ppg, commencing at depths ranging from 11,800 to 13,200 ft. These three wells, located in areas that have undergone significant uplift and erosion, are distributed widely from west to east along the northern edge of the foothills belt. No other wells have penetrated the Kingak Shale south of this line of three wells. It is apparent that "hard overpressures" can be expected when drilling the Kingak Shale within the foothills belt.
We hypothesize that overpressure was initially generated by compactional disequilibrium caused by rapid accumulation of Cretaceous depositional sequences containing a large proportion of mudstone, particularly in the deeper part of the Colville Basin. Before this initial overpressure could dissipate through fluid escape, oil and gas generation during the Late Cretaceous to Tertiary and contractional structural deformation during the early Tertiary contributed to the spatial and temporal maintenance of overpressure. It is possible that gas generated during deep stratigraphic and structural burial during the late Cretaceous to early Tertiary displaced water from overpressured -and therefore undercompacted -pore networks, resulting in the undercompacted and gas-charged system that is observed in many exploration wells drilled in the foothills. In addition, significant uplift and unroofing during Tertiary structural deformation (Burns and others, 2006) , combined with apparently effective seals associated with the predominantly mudstone strata of the Torok and Formation, may contribute to "relic overpressure" that has not equilibrated with current depth of burial.
